To explore the basic deformation performance of basalt fiber-reinforced recycled aggregate concrete (BFRRC), a deformation experiment was conducted on fifteen groups of cubic standard specimens and fifteen groups of prismatic standard specimens. The destruction process and failure mode of the test blocks were observed. The elastic modulus and Poisson's ratio of the test blocks were tested, and then the stress-strain curve under compression was obtained. The influence of the replacement ratio of recycled coarse aggregate and the basalt fiber content on the stress-strain curve, elastic modulus and Poisson's ratio were analyzed, and then the functional expression of the rising section of the stressstrain curve and the theoretical calculation formula of the elastic modulus were established considering the replacement ratio of the recycled coarse aggregate and the basalt fiber content. It is shown that the compressive failure mode of BFRRC is similar to that of ordinary concrete. It was found that the calculated results of stress-strain rising section and elastic modulus of BFRRC were in good agreement with the measured ones. The elastic modulus of BFRRC decreased with the increase of the replacement ratio of recycled coarse aggregate and increased with the increase of fiber content, while the Poisson's ratio was the opposite.
Introduction
The booming construction industry will also generate a lot of construction waste, especially waste concrete [1] [2] . Due to the lack of proper treatment of abandoned concrete, abandoned concrete occupies a large amount of land resources and brings many problems to the environment [3] [4] . Therefore, the rational recovery and recycling of waste concrete can, on the one hand, relieve the pressure of the growing scarcity of natural resources and, on the other hand, promote the sustainable development of the construction industry [5] [6] .
Recycled aggregate is formed by crushing, classifying, and other processes. Some or all of them replace natural aggregate, such as sand and stone, and then water, cement and other cementing materials are added to form concrete. That is recycled aggregate concrete (RAC) [7] [8] . Basalt fiber (BF) is added to the recycled concrete to form Basalt Fiber-reinforced recycled aggregate concrete (BFRRC). BF has a good compatibility with concrete for toughening and cracking resistance of ordinary concrete, and it is regarded as a new type of green inorganic non-metallic material for sustainable development in the 21st century [9] [10] [11] [12] . Due to the internal cracks and porosity of recycled aggregate, poor particle gradation and so on, the basic properties of recycled aggregate are different from that of natural aggregate [13] [14] . Through the composite reinforcement of BF, the mechanical performance of recycled concrete can be improved, and the extent of recycling of waste concrete will be promoted.
State of the art
As a new engineering material with application prospect, it is urgent to study the mechanical properties of BFRRC, especially the deformation properties. However, there are not many related literature reports at present. The research and application of BFRRC is still in its infancy. However, BFRRC was proposed and developed on the basis of RAC, and there were a large number of studies and reports on RAC uniaxial/tri-axial static performance and long-term performance. Within a certain range, RAC has also been realized in the application and development of a pilot project.
For the uniaxial static compression performance of RAC, Li et al. designed 33 RAC prismatic blocks, and the elastic modulus and Poisson's ratio tests were conducted. The results show that the brittleness of RAC is relatively obvious with the replacement ratio of recycled aggregate. Both axial compressive strength and elastic modulus are greater than the regeneration of standard age and ordinary concrete, but Poisson's ratio does not change significantly [15] . Chen et al. studied the uniaxial compressive strength, elastic modulus and Poisson's ratio of the RAC prismatic blocks and put forward the stress-strain constitutive equation of the recycled concrete [16] . Sun and elastic modulus of RAC at different replacement ratios and ages and found that with the development of age, the strength development law of RAC is similar to that of general concrete. With the increase of the replacement ratio of recycled aggregate, the strength and elastic modulus of recycled aggregate concrete show the trend of decline [17] . Tabsh et al. carried out tests of mechanical properties with recycled coarse aggregate source and target concrete strength as variable parameters. The results show that the compressive and splitting tensile strength of RAC depends on the mix proportions [18] . Noguchi et al. used statistical data from 1,300 tests conducted in Japan and South Korea from 1980 to 2012 to analyze the relationship between compressive strength and elastic modulus [19] . In the triaxial static compression performance of RAC, Chen et al. found that the aging time and the lateral constraint have great influence on the peak strain and the elastic modulus of the RAC [20] . The above research basically shows that RAC is the main factor that deteriorates the mechanical properties of RAC. With the increase of the replacement ratio of RAC, the strength and elastic modulus of RAC decrease gradually. In the long-term performance of RAC, Tam et al. found that the drying shrinkage and creep behavior increased with the increase of the replacement ratio of RAC. Similar to mechanical properties, RAC also degrades the long-term performance of RAC [21] .
Therefore, in order to improve the mechanical and longterm properties of RAC, many scholars have incorporated BF into RAC to modify them. Dong et al. found that the microstructure of the interface transition zone could be improved by the adhesion of coarse aggregate to the surface of mortar and the pore position of BF, which would improve the strength and ductility of RAC [22] . Katkhuda et al. found that using chopped BF can improve the compressive strength of RAC and can significantly improve the bending and splitting tensile strength [23] . Yang showed that adding an appropriate amount of BF to recycled concrete can improve the compressive strength and flexural strength and greatly improve the crack resistance of RAC [24] . Hou et al. discussed the influence of fiber content on the performance of RAC at different replacement ratios, and the research showed that BF has a better enhancement effect on RAC than ordinary concrete [25] . Fan et al. used a split Hopkinson pressure bar device to carry out impact tests on four kinds of basalt fiber reinforced concrete volume content and found that basalt fiber reinforced concrete has favorable impact mechanical properties, BF volume content has large effects on impact compressive strength and toughness of basalt fiber reinforced concrete [26] . Alnhhal et al. carried out flexural behavior tests of 16 reinforced BFRRC beams and found that the flexural capacity of recycled concrete beams doped with BF was improved [27] . Meng and Liu et al. studied the bond-slip stress-strain curves between BFRP bar and BFRRC. The results show that adding basalt fiber to RAC can reduce the bond stress between BFRP bar and RAC but enhance the ductility of bond property. At the same time, the bond stress increases with the increase of BF length and RAC grade [28] [29] . The above studies mainly focus on the improvement of the strength of RAC by BF, and the conclusions are basically consistent. After the incorporation of BF, the compressive strength of RAC, especially the mechanical properties of bending strength, splitting tensile strength and impact strength can be obviously improved. However, there are few studies on static compression deformation performance.
In view of the previous research insufficiency, the recycled coarse aggregate replacement ratio and the content of BF were used as parameters to prepare BFRRC, and the deformation performance was tested systematically. First, the destruction process and failure mode of BFRRC are analyzed, and then the relationship between BFRRC stressstrain curve, elastic modulus and Poisson's ratio are discussed. The purpose is to provide reference for further research and engineering application of BFRRC.
The rest of this study is arranged as follows. Section 3 describes the test design. In Section 4, the stress-strain curve, elastic modulus and Poisson's ratios of BFRRC are quantitatively analyzed. Section 5 summarizes this article and gives the relevant conclusions.
Materials and methods

Materials
The cement used in this experiment is P·O 42.5R grade cement produced by a cement plant in Jiaozuo. The natural coarse aggregate was made of continuously graded crushed stone. The regenerated coarse aggregate was obtained by manual crushing, screening, cleaning and drying of reinforced concrete beams tested in the structural hall of a university in Henan. Natural yellow sand was selected as fine aggregate. Its bulk density is 1750 kg/m 3 , and its apparent density is 2300 kg/m 3 . The mixing water is common tap water. The basic physical properties of natural coarse aggregate and recycled concrete are presented in Table 1 . The basic performance of BF is presented in Table  2 . 
Test block formation and loading method
In order to study the effect of single influence parameters on the deformation behavior of basalt recycled concrete, 15 groups of three 150 mm ×150 mm × 150 mm cubes were designed for measuring the compressive strength of the cubes. Fifteen groups of standard prismatic blocks of three groups of 150 mm × 150 mm × 300 mm were designed to carry out axial compressive stress-strain whole process tests. Three other prismatic block test pieces were tested for elastic modulus and Poisson's ratio.
The formation and maintenance of BFRRC was carried out according to "Standard Test Method for Performance of Normal Concrete Mixture" (GB/T 50080-2002).
The test was carried out using a microcomputercontrolled electrohydraulic servo pressure tester (WAW-1000 model) manufactured by Changchun New Test Machine Co., Ltd. The maximum test force was 1000 kN.
Result analysis
Failure process and failure mode
The classic failure modes of test blocks are shown in Figs. 1  and 2 . At the beginning of loading, there was no visible change on the surface of the cube. With the increase of load, the stress inside the test blocks increased gradually, and occasionally there was a weak sound of colloidal cracking. When the load was increased to the ultimate load, one or several cracks and micro cracks occurred in the middle of the test blocks, and then the crack and micro crack developed rapidly to the angle of upper and lower pressure surface, forming the main crack, gradually pushing the drum to the free surface and eventually forming a square pyramidal damage that was connected to it. It can be seen that the failure modes of BFRRC test blocks and ordinary concrete blocks are basically the same.
The classic failure modes of prismatic blocks are shown in Fig. 3 . At the initial stage of loading, there was no visible change in the surface of the BFRRC prismatic blocks. With the increase of the load, the stress on the test block increased gradually. Occasionally, there was a slight "click" sound of colloidal cracking when the load continued to increase. There were some tiny micro cracks on the surface of the test blocks along the direction of force loading, and they expanded and penetrated as the load continued to increase. When the load approached ultimate load, large area block flaking and brittle failure appeared in the prismatic test blocks. 
Stress-strain curve
According to the load and strain data of BFRRC prismatic blocks measured by experiment, the stress of the specimens in the axial compression process is obtained by using formula (1) , and the strain is measured by strain gauge. Because the descending section curves measured by strain gauges are discrete and partial descending section curves are incomplete, this paper only analyzes the rising section of the curve. As shown in Fig. 4 , the rising section curve is taken from the average of three prismatic curves.
where N is the axial pressure of the specimens and A is the cross-sectional area of the specimens. It is shown in Fig. 4 that, under the same BF content, the replacement ratio has a great influence on the stress-strain curve of BFRRC, but all have a similar uplift and the slope is smaller than that of ordinary concrete. It shows that the elastic modulus of BFRRC is lower than that of ordinary concrete. According to the measured stress-strain curves of BFRRC, ε c dimensionless analysis was carried out. σ c represents the peak strain, c represents the peak stress, and the dimensionless stress-strain curve is shown in Fig. 5 .
As shown in Fig. 5 , the rising section of BFRRC is similar to the rising section of ordinary concrete. Using the constitutive model proposed in "Code for Design of Concrete Structures" (GB/T 50010-2010), the rising section of the curve is analyzed, as shown in formula (2) .
Based on the fitting analysis of the data obtained from the test, the principle of the method of least squares is used to calculate the values of the undetermined parameters a under different BF content and the replacement ratio of recycled concrete. Table 4 shows that the corresponding fitting accuracy is above 0.95. By statistical analysis, the relationship between the parameters a and the replacement ratio of regenerated coarse aggregate under different BF content is obtained by regression, as shown in formulas (3) Considering the simple and practical requirement of the fitting relation, the modified equation ψ, ψ = eλ 2 + cλ + d for BF content is introduced, where λ is the BF admixture quantity and e, c and d are the control parameters. The mathematical expressions of the three fibers were fitted again, and the functional expressions of parameter a and replacement ratio and BF content were obtained, as shown in formula (6) .
Taking δ=25% and δ=100% as examples, the values of a are calculated by using formula (6) , and then the axial stressstrain curves of BFRRC are calculated and compared with the measured curves. As shown in Figs. 6 and 7 , the two are in good agreement. 
Elastic modulus
As one of the important indicators of material deformation performance, many scholars have conducted a large number of experimental studies on the elastic modulus of RAC and achieved certain results [30] [31] . However, there are few reports about the mathematical expression of elastic modulus of BFRRC. According to "Code for Design of Concrete Structures" (GB/T 50010-2010), the equation for calculating the elastic modulus of ordinary concrete is shown in formula (7) .
The measured compressive strength of the cube is substituted into equation (7) to obtain the calculated value Table 5 . It can be seen from Table 5 that with the increase of replacement ratio, the elastic modulus of BFRRC as a whole shows a decreasing rule, so the increase of regenerated coarse aggregate makes the initial damage of BFRRC serious and the porosity increases. At the same replacement ratio, the elastic modulus of BFRRC increases with the increase of BF content, especially when the replacement ratio is 0% and the BF content is 4 kg/m 3 where the elastic modulus reaches the maximum, which indicates that BF inhibits the development of cracks and micro cracks to some extent. The overall elastic modulus of BFRRC shows a decreasing rule. The relationship between t and the change trend of relation curve, when the BF content is 0% the expression is shown in the formula (8) , and the expression of the other BF content is shown in the formula (9) . 
R 2 = 0.9964.
Poisson's ratio
The lateral strain and longitudinal strain data of the test blocks were collected by the strain gauge and are calculated by equation (13) to obtain the Poisson's ratio of BFRRC. See Table 6 , where ε is lateral strain and ε´ is longitudinal strain. It can be seen from Table 6 that the Poisson's ratio of BFRRC increases gradually with the increase of stress, then at the same stress level, the transverse deformation of BFRRC becomes larger with the increase of load. With the same BF content, the Poisson's ratio of BFRRC showed a slight increase with the increase of the replacement ratio, so the increase of regenerated coarse aggregates would lead to the lateral deformation of the test blocks. At the same replacement ratio, the Poisson's ratio of BFRRC showed a small decrease with increasing fiber content, especially when the replacement ratio is 0% and the BF content is 4 3 kg/m the Poisson's ratio reached a minimum. This indicates that to some extent the BF inhibits the transverse deformation of the specimen.
Conclusions
In this study, fifteen BFRRC cubic standard specimens and fifteen BFRRC prismatic standard specimens were carried out experiment and analysis for stress-strain curve, elastic modulus and Poisson's ratio. The main conclusions are listed as follows:
(1) The compressed BFRRC cube finally forms a fourangled conical failure form that is connected to each other, which is basically the same as that of a normal concrete cube.
(2) Non-dimensional analysis of the stress-strain curve of the BFRRC was carried out. The functional expression of the rising section of the replacement ratio of recycled coarse aggregate and the BF content is established, and the calculated curve of the stress-strain rising section is in good agreement with the measured curve.
(3) When the BF content is constant, the elastic modulus of BFRRC decreases with the increase of replacement ratio of recycled coarse aggregate. When the replacement ratio of recycled coarse aggregate is constant, the elastic modulus of BFRRC shows an increasing trend with the increase of BF content. The change of Poisson's ratio is contrary to the change of elastic modulus.
(4) The formula of the elastic modulus of ordinary concrete is modified by using the polynomial function form, and the formula of BFRRC elastic modulus is obtained. The calculated value is in good agreement with the measured value.
The strength grade of BFRRC mixture proportions selected is C35 in this paper, and the correlation expression of deformation performance is related to the strength grade. The BFRRC of other strength levels is applicable to this formula, which needs to be further verified by experiments and theoretical analysis.
